Objective: To describe the activities and participation of children with cerebral palsy and to examine the relationship with personal factors and disease characteristics. Design: Cross-sectional study. Setting:
Introduction
Cerebral palsy is the most common disabling motor impairment in children. In Europe the prevalence of cerebral palsy is approximately 2.0 per 1000 live-born children. 1 The severity of the motor impairment as well as the associated cognitive, communicative and behavioural impairments are different for each child. Activities and participation can therefore vary greatly among children with cerebral palsy. 2, 3 Understanding of activities and participation and its relationship with impairments caused by cerebral palsy is necessary in order to provide answers to questions from children and their parents about current and future functioning, to establish realistic goals for treatment, and to improve activities and participation. 4, 5 To describe functioning, the International Classification of Functioning, Disability and Health (ICF) is a framework that is well known and frequently used in rehabilitation medicine, also for children with cerebral palsy. 6 It provides a framework for describing the health outcomes of a disease at the level of body function and structure (impairments), daily activities and participation. In this study, functioning is described in terms of outcomes at the levels of activities and participation.
Studies on functioning and associated factors, mainly concerning young children with cerebral palsy, have suggested that the severity of the cerebral palsy, cognitive impairment and age are important factors that are related to limitations in activities and participation in young children with cerebral palsy. 7, 8 A significant association has also been found between motor functioning and the severity of cerebral palsy, diagnostic subgroups, epilepsy and intellectual capacity. 9 One study found an association between functional limitations and higher levels of the Gross Motor Function Classification System (GMFCS). 10 In two reports concerning children with cerebral palsy aged 5Á18 years, significant limitations were found in all categories of activities of daily living and social roles. The greatest limitations were found in school and social integration, and these limitations were positively associated with the severity of the cerebral palsy. 11, 12 Few reports on activities and participation of children with cerebral palsy have focused on the age group before and during puberty. In this period in particular many changes take place, such as a growth spurt, puberty itself, behavioural changes and, for most children, transition to secondary school, which may influence the functioning of these children. Consequently, it is important to get insight into functioning of this specific age group. The main aims of this study were: 1) to describe activities and participation in the domains of mobility, self-care, domestic life, social functioning and communication in 9-to 13-year-old children with cerebral palsy, and 2) to analyse the relationship between activities and participation and personal and disease characteristics.
Method

Participants
The participants were recruited for a three-year longitudinal study. The current study was based on a cross-sectional analysis of the first (baseline) measurement. Rehabilitation centres, special schools for physically and mentally disabled children, and outpatient clinics of departments of rehabilitation medicine in the north-west region of the Netherlands identified 244 children 9, 11 and 13 years of age with cerebral palsy. The study protocol was approved by all the regional medical ethics committees. This research was performed as part of the PERRIN (Pediatric Rehabilitation Research in the Netherlands) programme, which is a longitudinal study of children with cerebral palsy.
Measurements
Activities and participation were described in the following domains: mobility, self-care, domestic life, social life and communication, and were assessed with the Pediatric Evaluation of Disability Inventory (PEDI) and the Vineland Adaptive Behavior Scale (VABS). Mobility was also measured with the Gross Motor Function Measure (GMFM).
The GMFM is a standardized observational instrument that has been developed to measure gross motor function in children with cerebral palsy, based on their performance of 88 gross motor tasks upon instruction in a specific test situation. 13, 14 The GMFM was analysed with the Gross Motor Ability Estimator computer scoring programme (GMAE) to obtain the GMFM-66 score. 15, 13 The GMAE rescales the child's abilities from an ordinal scale to an interval scale, ranging from zero to one hundred.
The PEDI is a standardized instrument for evaluating functioning in the subscales mobility, self-care and social function in disabled or chronically ill children aged 0Á7.5 years. It can also be used to assess older children if their functional abilities are below those of children up through the age of 7.5 years. 16 Á 18 For each domain three independent scale scores can be calculated: functional skill level, caregiver assistance and modifications. In this study we only used the raw scores for functional skill level. We used the Dutch adaptation and translation of the PEDI. 18 The VABS has been designed to assess functioning in the subscales motor skills (mobility), daily living skills (domestic life), communication and socialization (social life) of children aged 0 Á17 years, with and without disabilities. 19 We used the Dutch translation of the VABS survey form, 20 and used the raw scores and compared them to the raw scores of norm children (American population). Both the PEDI and the VABS were administered in a semi-structured interview with the child's parents or caregivers.
Associated factors
Associated factors were chosen if they could routinely be assessed in regular medical examinations. The 'severity' of the cerebral palsy was classified according to the Gross Motor Function Classification System (GMFCS). The GMFCS is a 5-level classification system by age in which distinctions between the levels of motor function are based on functional limitations, the need for assistive devices and, to a lesser extent, quality of movement, and was developed using GMFM scores. 21, 22 The disease characteristics that were analysed were limb distribution, epilepsy and cognitive impairment. Limb distribution was subdivided into three categories: hemiplegia (unilateral involvement), diplegia or quadriplegia (both bilateral involvement). Quadriplegia was defined as the arms being as severely or more severely affected than the legs; diplegia was defined as the legs being more severely affected than the arms. Children with repeated seizures during the previous two years were defined as having epilepsy. Cognitive impairment was based on school type: children classified as having no cognitive impairment were those who were following a regular education programme in a regular school or in a school providing special education for physically disabled children. Children with a cognitive impairment were those who were following special education programmes in special schools for children with cognitive impairment (with or without physical disabilities), or in special day-care centres for severely (cognitive and physical) handicapped children. Gender and age were included as personal characteristics.
Data collection
All children and their parents visited the Department of Rehabilitation Medicine at the VU University Medical Center in Amsterdam. During the visit a trained researcher asked standardized questions about diagnosis, epilepsy and type of school, performed the GMFM and classified the children according to the GMFCS. At the same time, an investigator from the Department of Orthopedagogy interviewed the parents to complete the PEDI and the VABS.
Statistical analyses
Statistical analyses were performed with SPSS software version 11.5 (SPSS Inc., Chicago, IL, USA). The GMFM-66, PEDI mobility, VABS motor skills, PEDI self-care, VABS daily living skills, PEDI social function, VABS socialization and VABS communication were analysed as dependent variables. The GMFCS, limb distribution, epilepsy, cognitive impairment, gender and age were included in the analysis as independent variables.
First, univariate analyses were performed to determine the relationship between the dependent variables and each of the independent variables. Multiple linear regression models were then made for each of the dependent variables and the independent factors that were significant in the univariate analyses (P B/0.1). 23 The categorical variables limb distribution and GMFCS were analysed as dummy variables. 24 Epilepsy, cognitive impairment and gender were included as dichotomous variables, and age as a continuous variable. The models were made without interactions. Posthoc Bonferroni correction was applied to test differences between the different levels of the categorical variables (GMFCS and limb distribution). Normal plots for residuals were made to check whether the residuals were approximately normally distributed. The PEDI data on self-care and social function were transformed because the residuals showed a skewed distribution, using a log transformation of the reverse scores to obtain a normal distribution. The strength of the observed relationships is described with the partial eta 2 (defined as the sum of squares of the factor (SS factor ), divided by the sum of SS factor and the error sum of squares (SS error )).
Results
The characteristics of the participants are presented in Table 1 . Of the 224 children identified, 110 children and their parents returned the informed consent form.
The box and whisker plots (Figure 1) show the distribution of functioning for each GMFCS level. The mean scores for functioning according to the GMFCS levels and levels of significance are presented in Table 2 .
Mobility Table 3 shows the regression models of the GMFM 66, the PEDI mobility and the VABS motor skills with the associated factors that were significant in the univariate analyses (P B/0.1). Multiple linear regression analyses showed that GMFCS was the only factor that was significantly associated with the mobility outcomes, explaining 87 Á92% of the variance, while limb distribution, cognitive impairment and epilepsy showed no significant relationship. Mobility was lower in children with a higher GMFCS level. There was a significant difference between all levels of the GMFCS, except between levels I and II for the PEDI mobility and the VABS motor skills.
Self-care and domestic life
The regression models for PEDI self-care and VABS daily living skills are shown in Table 4 . Transformed data are presented for the PEDI self-care. The GMFCS, limb distribution and cognitive impairment, and for daily living skills also age, were significantly associated with selfcare and daily living skills, explaining 65% and 81% of the variance, respectively. In these models the GMFCS was the most important associated factor. Functioning decreased progressively with increasing GMFCS level. Children with a cognitive impairment functioned at a lower level on both outcomes, and children with diplegia functioned better than children with quadriplegia (daily living skills) and hemiplegia (self-care). Daily living skills were better in older children.
Social life and communication
The regression models for social life and communication are shown in Table 5 . In these models cognitive impairment and epilepsy were the most important significantly associated factors, while the GMFCS was no longer significantly associated after including cognitive impairment and epilepsy. For VABS communication, limb distribution and age were less important, but also significantly associated factors. The models explained 54% (PEDI social function), 63% (VABS socialization) and 75% (VABS communication) of the variance. Children with cognitive impairment and children with epilepsy functioned at a lower level on all outcomes than children without these impairments. On the VABS communication, children with diplegia appeared to function better than children with quadriplegia, and communication increased with age.
Discussion
Descriptions of the activities and participation of children in the transition period between childhood and adulthood are important in order to improve the knowledge about functioning of children with cerebral palsy, to form a basis for treatment goals, and to guide practitioners in their choice of medical intervention. 4, 5 As the population of children with cerebral palsy is heterogeneous, it is necessary to classify the children according to the 'severity' of the cerebral palsy. The results of this study show that the variability in activities and participation reduces considerably when children are classified according to the GMFCS, particularly with regard to the mobility domain outcomes.
The analyses showed that the GMFCS was the only factor that was strongly associated with mobility. These findings were in line with the findings of other studies. 7, 8, 10 For the GMFM a close relationship with GMFCS level was as expected since the latter was developed based on GMFM scores. It is however remarkable that the GMFCS explained almost 90% of the variance for the PEDI mobility and the VABS motor skills, because the PEDI and the VABS measure subjective motor performance while the GMFM is an objective measure of gross motor capacity. The fact that also in this study such a strong relationship was found between the GMFCS and mobility, supports the use of the GMFCS to classify a child's mobility performance. For PEDI selfcare and VABS daily living skills the GMFCS was also the most important significantly associated factor. Other less important, but significantly associated factors were cognitive impairment, limb distribution and, for daily living skills, also age. This is in line with the findings reported by Ostensjo et al.
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In the univariate analyses the GMFCS was also found to be significantly associated with social functioning and communication, showing only significant differences between GMFSC levels I through IV compared with V (see also Figure 1 ). These results suggest that the ability to move independently (GMFCS levels I through IV) is important for social functioning. Another study underlines the importance of the ability to move independently by showing improvements in the social participation of children with quadriplegia after they had been provided with a powered wheelchair. 25 However, our results also showed that the GMFCS did not make any significant contribution to the models for social functioning and communication after including cognitive impairment and epilepsy. These findings were in contrast to the findings of recently published studies. 7, 8 This may be because older children were included in the present study. The children may take longer to acquire social skills if the cerebral palsy is more severe, but do eventually reach the same level of social functioning. Another explanation for the non-significant contribution could be that in the present study the GMFCS was specified as an ordered categorical variable, allowing varying distances between levels, while previous studies included the GMFCS as a discrete numerical variable, assuming equal distances between levels.
Other studies have suggested that social life was partially influenced by variations in functional capacity and partially by environmental factors, 26 such as restricted information, poor support from caregivers, poverty, insufficient financial benefits, disabling influence of time pressure, and poorly coordinated services. 27 However, although environmental factors were not investigated, our results showed high explained variances for participation (54 Á75%) for personal and disease characteristics. Still, in future research it would be interesting to analyse the relationship between environmental factors and activities and participation to obtain more information about the factors that influence functioning.
Furthermore, some remarks can be made about two of the outcome measures: the PEDI and the VABS. The PEDI showed ceiling effects for all domains, and this may be because children who function at GMFCS level I function better than children with a developmental age of 7.5 years. No ceiling effects were seen on the VABS, and this may be the reason for the higher explained variance of activities and participation in the VABS domains of daily living skills, socialization and communication, than in the PEDI domains of self-care and social function. On the VABS, children with GMFCS level I functioned at almost the same level as nondisabled children in the domains of socialization and communication (ranges for children between 9 and 13 years are 101 Á113 and 116 Á127, respectively) and somewhat lower in the domains of daily living skills (range for children between 9 and 13 years is 136 Á155), 20 based on norms for American children. Children with GMFCS levels II ÁV functioned at a lower level than norm children. As expected, the scores for the domain of motor skills were lower than those of the norm children.
There was no information available about the non-participating children. Since the main purpose of the study was to describe the level of activities and participation, and its associated factors, the study group is not necessarily representative of the Dutch population of children with cerebral palsy. The unequal distribution between the levels of the GMFCS may have reduced statistical power, but despite this, we were able to identify some important associated factors.
Conclusion
The results of this study showed that a few easily measured factors could explain a large amount of the variance of activities and participation. The GMFCS classification was found to be an important factor that was significantly associated with mobility, self-care and domestic life in 9-to 13-year-old children with cerebral palsy. Cognitive impairment and epilepsy were the most important factors that were associated with social life and communication.
Further research, and especially studies based on longitudinal designs, should be carried out to determine the course of activities and participation and to identify the factors that predict the course of functioning. The data obtained can then be used for the development of intervention programmes and for planning the services that are needed for children with cerebral palsy.
